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INTRODUCTION 


This report documents the work conducted by the Technical Services 
Subdivision to determine the condition of the tremie concrete placed 
in the east pier substructure of the Troy-Green Island Bridge (DOT 
Contract D96103) in August, 1979. This augments the Subdivision's 
preliminary report, transmitted by memorandum to the Structures Sub- 
division on October 3, 1979 (see Appendix A). 


The primary purpose of this report is to present in final form the com- 
plete data used to evaluate the tremie's condition. This data lead to 
the conclusion that the tremie placement was unsatisfactory and the re- 
commendation that corrective work to the tremie was necessary. A secon- 
dary purpose of this report is to describe the most probable causes for 
the deficiencies found in the tremie. 


BACKGROUND 


This section summarizes the events leading to the preparation of this 
report. Detailed accounts of these events can be obtained from project 
records and correspondence. 


Contract plans for the east pier substructure require placement of a 

13 ft. thick concrete tremie seal directly upon exposed sound shale 
bedrock on the river bottom. The tremie extends the full length and 
width of the east pier cofferdam (122.5 ft. by 33.5 ft.), requiring 
approximately 2000 cubic yards of concrete. Specifications call for 

the Department's standard Class G concrete (Item 555.06), a mix designed 
specifically for underwater tremie placements. 


Besides providing the seal necessary to dewater the cofferdam for sub- 
sequent work, this block is designed to be a load bearing member carry- 
ing all east pier loads directly to bedrock. 


The Contractor placed the east pier tremie in a continuous pour over 
a 36-hour period on August 27 and 28, 1979. A single conveyor belt 
system delivered concrete from the truck discharge point on the Troy 
shore to a single tremie tube and hopper in the cofferdam. The rate 
of concrete placement averaged approximately 50 cubic yards per hour. 
The placement progressed generally from the north to the south end of 
the cofferdam. 


Concrete delivery to the job was slowed on two occasions when the 
supplier's plant was shut down to chip away excessive deposits of har- 
dened cement mortar that accumulated in the mixer drum. These deposits 
resulted from mixing numerous batches of the Class G mix, which has a 
higher cement content than other general purpose mixes. Concrete con- 
tinued to be supplied to the job during these shutdowns from the 
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supplier's dry batch plant. Four truckloads of concrete supplied from 
the dry batch plant were rejected for containing an excessive number of 
balls of dry, unmixed cement. 


In using only one tremie hopper and tube, the Contractor relied heavily 
on the flow capabilities of the mix to achieve a satisfactory placement 
despite advice by the Engineer to install additional tremie tubes. 
During the placement, it became apparent to the Contractor that the mix 
flow characteristics were less than those required for the method of 
placement the Contractor chose. Evidence of this included observations 
of steep concrete discharge slopes (1:3 and steeper) at the point of 
deposition and observations by divers of mix segregation, with a wave 
of fine material preceding the deposited concrete. 


The Contractor increased the number of deposition points, continuing 

to use only one tremie tube and hopper, in an attempt to compensate 

for the mix flow characteristics. This action resulted in moving the 
tremie hopper and tube (and breaking and re-establishing the seal with 
previously placed concrete contrary to the Specification requirements) 
approximately three dozen times. Each move of the tremie hopper and 
tube and the subsequent restart operations required considerable effort 
by the Contractor and resulted in significant interruptions in concrete 
placement. Much of that effort and much of the resulting interruption 
was caused by the difficulty the Contractor experienced maneuvering the 
equipment he employed for the pour. 


Only 1717.5 cubic yards of concrete were placed when the computed top 
elevations for the tremie block were reached. This amounted to almost 
300 cubic yards of concrete less than the computed required placement. 
Nothing was found at the project site or at the supplier's plant to 
account for a difference of such magnitude. 


On September 4, 1979, after the required seven day curing period, the 
cofferdam was dewatered without incident. On September 6 the cofferdam 
was evacuated when the cofferdam steel sheeting was observed to have 
lifted up to 1.25' at the south end. The apparent lifting of the coffer- 
dam occurred during a period when the river level had risen higher than 
normal due to heavy rains. The cofferdam was flooded by the Contractor 
and attempts were made to reseat the tremie block by applying surcharge 
loads. These efforts were not completely successful; it was estimated 
that the south end of the tremie block was still 4 inches off the bottom. 


An investigation of the condition of the east pier tremie was subse- 
quently initiated by the Technical Services Subdivision at the request 
of the Construction and Structures Subdivisions. 





| ne gh — be sf eae PaO bid mu 
ae wy 76, "yey ty mm) yi bilah Shall nee patata snes . 0 


hb Cae i we ahs dee OOP E: footer ot on baso®. z. win agn 


sue mien? Canoretybe Tad ent of remnh ens 
he iy “ASAT WN 


VOR TEN er 10% bovtupen Seats RANT veel Grew: EOF 


3} pevigedd cow patteais Tees. i drvetios 


dot Heeiy bat Covel wevey she hetne Botan a i 
int) see wd Gabon tt 7 pnd Bai idl sah 7 
rihs a LOOP IGS yd.) oid sine tale | 

‘rae gow Bf g/eteapsoue yiers higngs 


ay caw abeont isha te8e) r aa 7 rf 
DOW ee, chai ate 



















as 


' ter 
shakes 


eee aaa 
; el or 


049 st21pe2 6 avid hi26 ot oo ont co. FY 7 


% 


' sie Sal? ty ru han att, per bre | maps | 
ie mir 


) od gt Sn PN SQOS aanoad ot ae 




































hohulont erat he sonabtya peeks > es way 2 tonaoat fg vy 

y att 35. sqaete bag E52) eenigide! an erag ty adnan) ges | 
i rename a he 6 eravib qS Soka ewes bre nord tees 
i wait 39 bs streoqsh aid asic ih 61 Nga em On 
in 

190 (ah) og aebt}zogeb. Wy Aadmuh art bei saith sorenindas 
womtee Wd nasa ® Tat . Bik stal bas sdus fans af utr 9a 
iat bet lubey Wottos atal vette teeioeade Wort Kim hei 
AN pT jatza-o bom pnidaed bee) exo? Bas asqqed. 
rrie2, ons oF Sagan 109 stavones besate » fapaty 
> even Abed « . 2omed osseb seve? y se 
Pet, 2H0TT5 4500 3 63 ae’ Sens ae gig: 


Heda int 4 lewd Adib at bodiuzey bas Vaoaet cor Me 


aie a ary >. : 


ng dh - ae ; : 
; vA 
“0h ar ant : 


| Pivesy ait Fo 1 bas dootts ted te ie oe ‘ 
ris n by 5 mye YOTIE an 4 nw] I's as” vs" _ >! ver? ‘y wet ve 4 re oe a 
Aa ry I it oT om fo asia nia set Pe my: u, eo 





r a 


me) 2) head der oity Jz0fd ii Lu Bl ang wy 2 rgd Feve y Hae A) 7 


no Biinotw begelo etew es sroK02 oT ghia Een eit ute 

pean ugmnne ais Pade 229% s¥ohaneo 44° mip ven 9 FIM ae A ee 
| . 
‘ 


bud tinpeae ae * goa onit Aer rrwode 


ms § “ i Li te 
v i iw 5 nd 4 4 ry 

xa yAtigo ved HOVee Re nif ® wevade mesg ta ote a. 

gt Bones as?) WO Lo noir sot jwons iw ying 


y geste doevaqns ont - bere Atene: & a ts! 
Phy 
97 or Mg 


70 un we B litge iw 9 ‘a 


A ine 


Py, mies 


dose 
MATERIALS OBSERVED 


This investigation has utilized data obtained from a number of sources. 
The data sources described here are in the possession of the Technical 
Services Subdivision. 


A. Project Concrete Cylinders. 


The concrete supplied to the project was sampled and tested in 
accordance with general specification requirements. Plastic con- 
crete was sampled and tested at the point of truck discharge. 

Ten concrete cylinder pairs were cast during the pour for the re- 
quired 28-day compressive strength testing. 


These samples provide information concerning the properties ex- 
pected from the concrete supplied to the project and.placed in 

the east pier. This information is summarized in Appendices B 

and C. 


B. Cores Drilled by Empire Soils Investigations, Inc. 


Eleven cores were drilled by the Contractor in September, 1979. 
The eleven cores were taken at various locations in the tremie. 
The diagram in Appendix D indicates the core locations. 


One core (TCE-3) extends the full depth of the tremie block and 
continues into rock. The other cores extend into the tremie to 
varying depths, most commonly eight feet. All eleven cores en- 
counter a variety of segregated materials and portions of nine 
cores were unrecovered. Appendix G contains core photographs and 
Appendix — the core logs. 


The materials observed by inspection of the cores fall into five 
categories. 


1. Sound concrete. 


This is concrete with the proper density, soundness and strength 
expected from concrete containing good quality materials, properly 
mixed and placed. A sound mortar paste is present with a good 
dispersion of fine and coarse aggregate through the paste. Little 
entrapped air is present, and virtually no honeycombing or other 
evidence of poorly consolidated concrete can be found. Sound con- 
crete is found in approximately 60% of the total length of the 
eleven cores. 
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2. Concrete with deficient mortar paste. 


This is concrete lacking the soundness and strength expected from 
properly mixed and placed concrete incorporating good quality 
materials. The mortar paste appears to be weakened and very 
susceptible to erosion, resulting in its being partially stripped 
away from coarse aggregate pieces by the washing action of water 
during the drilling operation. This material is found in approxi- 
mately 11% of the total length of the cores. 


3. Loose Coarse aggregate. 


These are coarse aggregate pieces of the size and shape found in 
sound concrete, but not bound together by mortar. The aggregate 
is primarily clean, although mortar does coat some pieces. This 
material is found in approximately 9% of the total core length. 


4. Fine, cementitious material. 


This is a very fine material with a layered, silt-like appearance. 
The presence of at least some portland cement is indicated by its 
color and smell. Although cemented together sufficiently to be 
recovered intact by core drilling, this material readily disinte- 
grates under finger pressure. It is noticeably less dense than 
the sound concrete encountered in these cores. This fine mater- 
ial is occasionally found in combination with either fine or 
coarse aggregate, but it is usually observed with no other mater- 
ial present. Approximately 9% of the total length of the cores 
contains this fine material. 


5. Unrecovered material. 


About 10% of the length of these cores is unrecovered. These 
unrecovered sections may represent void spaces in the tremie block, 
pockets of loose, uncemented fine aggregate which washed out of 
the drill barrel during the coring, or a combination of the two. 


Cores Drilled by NYSDOT Personnel. 


Eighteen full depth cores were drilled by the Main Office and 
Regional Soils personnel in September and October, 1979. These 
cores were taken from a widespread sampling of locations in the 
tremie. The diagram in Appendix D shows these locations. 


As was the case with the previous cores, all eighteen NYSDOT 
cores encounter a variety of materials and include unrecovered 
portions. Appendix F contains the core logs for these cores. 
Appendix H contains core photographs. 
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The materials observed by inspection of the cores fall into the 
same categories as described in Section B above. 


1. Sound Concrete. 


This material occurs in approximately 50% of the total length of 
the eighteen cores. 


2. Concrete with deficient mortar paste. 
This material occurs in approximately 8% of the total core length. 
3. Loose coarse aggregate. 


This material is found in approximately 8% of the total length of 
the cores. 


4, Fine, cementitious material. 
This material is found in about 11% of the total core length. 
5. Unrecovered material. 


Approximately 23% of the total core length is unrecovered. 
Attempts were made to account for the significant core lengths 
for which no material was recovered. Two holes (DH-E and DH-F) 
were inspected with a borehole television camera. One other hole 
(DH-1) was sampled with a split spoon sampler in an area where no 
material was recovered. , 


The television camera did not locate any large voids, but it did 
locate broken up sections with small voids. The spoon sampler re- 
trieved a mixture of fine aggregate material and what appears to 
be partially hydrated cement. These findings strengthen the 
possibility of there being relatively little void space inside 

the tremie. These findings indicate that most of the unrecovered 
lengths of core represent areas of loose fine aggregate. 


Miscellaneous Material. 


During subsequent drilling of the original tremie concrete re- 
lated to the tremie footing corrective work material was re- 
covered and forwarded to the Materials Bureau for evaluation and 
testing. The material consists of two large pieces (the larger 
approximately 9"x6"x4") composed of the same fine, cementitious 
material previously found in the cores. The pieces exhibit a fine 
layered structure, indicating that the material may have settled 
out of still water in approximately horozontal layers. 
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TESTING 


All material available for investigation underwent petrographic exami- 

nation and physical and chemical testing. The test results are summar- 
ized and discussed in this section; the complete test results are pre- 

sented in the Appendices as indicated. 


The test results provide more detailed information about the tremie con- 
stituents and allow conclusions to be drawn regarding the soundness, 
strength and suitability of the material placed. 


A. 


Project Concrete Cylinders. 
1. Plastic testing records. 


The plastic testing performed on the concrete at the project site 
during the pour included measurements of slump and air content. 
These test results show that the concrete slump and air contents, 
measured at the point of truck discharge, fell within specification 
limits (see Appendix C) 


2. Compressive strength. 


The average 28-day compressive strength for the ten cylinder pairs 
cast during the pour is 4375 psi. This compressive strength is 
typical for sound concrete obtained from this mix. The strengths 
are shown in Appendix C. 


3. Unit Weight. 


The average unit weight of the 10 cylinder pairs cast was found to 
be 145.8 lbs. per cubic foot. This jis not a dry unit weight, as 
the cylinders were curing in the 100% relative humidity environment 
just prior to measurement. The measured unit weights are shown in 
Appendix C. 


The unit weight of cast concrete cylinders indicates the density 
which can be expected from concrete supplied to the job, assuming 
proper placement and consolidation. The unit weight. for these test 
cylinders is typical for concrete incorporating the cement content, 
fine and coarse aggregates and air content specified by the Class G 
mix design. 


Core Specimens. 


Specimens were selected from the two sets of cores obtained from the 
tremie. The specimens selected enable comparisons to be made of the 
petrographic, physical and chemical properties of the various tremie 
materials. The specimens selected also give a sampling of materials 
located throughout the tremie. 
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1, Petrographic examination. 


Two core specimens were sliced longitudinally and polished to per- 
mit microscopic examination. One specimen (core DH-C) was selected 
from sound concrete and the other (core DH-M) from a section of 
concrete with deficient mortar paste. Photographs of these speci- 
mens are in Appendix J. 


The polished sections show striking differences in internal struc- 
ture. The sound concrete has good distribution of fine and coarse 
aggregate throughout its mortar paste. The paste is sound, con- 
tains entrained air and is free of any visible distress. In con- 
trast, the deficient mortar paste section has a deficiency of fines 
and paste, with coarser aggregate particles predominating. The 
paste that ts present has little entrained air, and fine cracking 
indicates the paste lacks the strength of that found in sound con- 
crete. 


The deficiency of fines and paste in the weakened concrete specimen 
can be accounted for by segregation of the mix during placement. The 
substantial amount of fines and cementitious material found elsewhere 
in the tremie strenghtens the likelihood that extensive segregation 
did occur during placement. The continuous inspection, sampling and 
testing of the concrete throughout the pour make it extremely un- 
likely that the concrete supplied to the project originally had 

these deficiencies. 


2. Compressive strength. 


Several core samples of the various materials in the tremie were 
tested for compressive strength. The test results are shown in 
Appendix L. 


The test results indicate substantial differences in the compressive 
strengths of the sound concrete, the concrete with deficient mortar, 
and the fine cementitious material. The sound concrete has consider- 
ably higher compressive strength (a 12 sample average of 5508 psi) 
than the other materials. The concrete with the deficient mortar 

has the next highest compressive strength (3 sample average, 1400 
psi) and the fine cementitious material has the lowest compressive 
strength (6 sample average, 540 psi). 


These test results confirm the relative strengths expected from the 
appearance of the different tremie materials. Fairly wide ranges 
of compressive strengths exist for each material. These can be ex- 
plained largely by the nonuniformity of the tremie materials. The 
Spreads can also be accounted for in part by changes in age and 
moisture content the specimens experienced before testing. 
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The compressive strengths of the sound concrete specimens reason- 
ably compare with the 28-day concrete cylinder strengths and the 
compressive strength expected of the mix. 


3. Unit weight. 
The unit weights of samples of the various materials were measured. 
Appendix M lists these unit weights. 


There are striking differences in the unit weights of the various 
materials. The sound concrete is the most dense (11 sample aver- 
age, 142.1 pounds per cubic foot), followed by the concrete with 
deficient paste (three sample average, 130.1 pcf). The fine cemen- 
titious material is only approximately half as dense as sound con- 
crete (eight sample average, 63.2 pcf). The lightweight property 
of this material became quite evident during the unit weight deter- 
mination when samples actually floated in water. 


The unit weights of the sound concrete specimens are consistent and 
are comparable to project concrete cylinder unit weights. The unit 
weights of the concrete with deficient mortar show variations which 
can be expected from a nonuniform material, but also indicate the 
unit weight of this material is relatively close to the unit weight 
of sound concrete. The greatest variations in unit weight occur in 
the fine cementitious material, but even the most dense specimen of 
this material is considerably less dense than sound concrete. The 
nonuniformity of materials as placed in the tremie can account for 
most of the observed unit weight variations. 


4. Air content. 


Several core samples were tested for air content. The test results 
are tabulated in Appendix N. 


The Department's high pressure air meter was used to obtain the total 
air content. The total air content includes both entrained and en- 
trapped air. : 


The test results indicate that the total air content for sound con- 
crete in place is 3.6% by volume, and 2.6% by volume for the con- 
crete with deficient mortar paste. The total air content for the 
fine cementitious material is extremely high, exceeding 60% by vol- 
ume. The tests indicate that sound concrete lost approximately 1% 
air from the point of truck discharge to the point of placement. 
The lower air content in concrete with deficient paste can be 
accounted for by the lower cement paste content for this material 
The excessively high air content of the fine cementitious material 
is consistent with its low unit weight. 
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5. Grain size analysis. 


A sample of the fine cementitious material was hand pulverized and 
a gradation run on the resulting material. The sample was not 
mechanically pulverized as it was feared this would break down 
individual particles and give a false indication of grain sizes. 
The gradation is tabulated in Appendix 0. 


The hand pulverization resulted in a substantial portion of very 

fine particles (42.1% by weight, passing the #400 sieve). Almost 

all the remaining material is retained on the #200 sieve. Examina- 
tion of this material shows that further disintegration into finer 
particles is possible, indicating that the coarser particles are 
actually smaller particles cemented together. Thus the fine cementi- 
tious material is most likely very fine material almost entirely 
passing the #400 sieve. Portland cement powder exhibits this de- 
gree of fineness. 


6. Chemical analysis. 


Samples of the fine cementitious material were tested against the 
chemical requirements for Type 2 Portland Cement. The specification 
requirements and test results are shown in Appendix P. 


The fine material meets the requirements for silica, alumina, magne- 
Sia and sulphur dioxide content, is slightly under the minimum con- 
tent specified for iron oxide and has a substantially lower lime 
content than expected for a Type 2 cement. The material considerably 
exceeds the maximum limits for loss on ignition and insoluble residue. 
This chemical analysis shows enough conformity with the chemical re- 
quirements of Type 2 portland cement to indicate that cement comprises 
a substantial portion of the fine cementitious material. The high 
loss on ignition and insoluble residues indicate partial hydration 

of the cement and the presence of some fine, noncementitious material. 


DISCUSSION 


A model of the internal structure of the tremie has been developed, using 
the cores extracted from the tremie as a guide. Longitudinal cross sec- 
tions of this model are in Appendix Q. 


The model indicates that a substantial part of the tremie does not con- 
sist of sound concrete. The model shows that the tremie is a nonhomo- 
geneous mass, made up of layers and lenses of loose stone, fine cemen- 
titious material, loose fine aggregate and concrete with deficient paste 
Sandwiched in and around sound concrete. 
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Some constituents appear to be concentrated in specific areas of the 
tremie. The fine cementitious material occupies a considerable vol- 
ume in the south half of the tremie. Lenses of loose coarse aggre- 
gate are distributed throughout the tremie, with their greatest con- 
centration in the center and towards the north end. The substantial 
unrecovered lengths of core are located in the center of the block 

and also in the vicinity of the fine cementitious material, making it 
likely that large volumes of loose fine aggregate are located in these 
areas. 


Approximate volumes of the total tremie block and its individual con- 
stituents were computed. The computations indicate the total tremie 
placement volume is 2033 cubic yards, which is close to the Engineer's 
estimate of 2023 cubic yards. Of this total volume, approximately 234 
cu. yd. (or 11.5%) is fine cementitious material; 113 cu. yd. (or 5.6%) 
is loose coarse aggregate; and 327 cu. yd. (or 16.1%) is primarily 
loose fine aggregate with some small voids and coarse aggregate mater- 
ials possibly present. 


Sound concrete and concrete with deficient paste occupy the remaining 
two-thirds of the tremie volume. Approximately 85% of this combined 
volume is sound concrete. The two components were consolidated together 
to simplify the model and the computations. 


The concentration of low density material near the south face of the 
tremie explains why the tremie block lifted there. With so much low 
density material present, the average unit weight of the tremie in this 
area decreased to the point where the uplift forces common to any place- 
ment of this type could no longer be resisted. Appendix S tabulates 

the average unit weight of the material in sections of the tremie, and 
equates the mass of material in each section to the height of sound 
concrete providing equivalent resistance to uplift. Note that the low- 
est average unit weights and equivalent heights are in the south half 
of the tremie. 


The large volumes of low density material present in the tremie also 
explain why only approximately 1700 cubic yards of concrete were 

needed to fill a 2000 cubic yard volume. The average equivalent height 
of sound concrete over the entire tremie model is computed to be 11.5 
feet. This means that a volume of only approximately 1748 cubic yards 
of sound concrete of normal density provides the mass equivalent to 

the mass computed to be in the 2033 cubic yard tremie model. Extensive 
segregation of materials is necessary to account for such a difference 
in volumes. 
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The observations of project personnel appear to confirm that such ex- 
tensive segregation occurred during the pour as a consequence of the 
method of placement selected by the Contractor. The cofferdam was 
clean and free of debris (silt, broken rock, etc.) at the start of 
the tremie pour. Nothing found in any of the cores indicates the 
presence of any debris. All material found in the cores appears to 
consist of material originating in the concrete mix used to pour the 
tremie. 


The method of placement created conditions that contributed to segre- 
gation of the mix. The steep (1:3 and steeper) exposed faces of placed 
concrete allowed fresh concrete to flow through water and segregate in- 
to its components; paste, fines and coarse aggregate. The numerous 
breaks of the seal between fresh and previously placed concrete allowed 
subsequently placed concrete to flow directly from the tremie tube into 
water, encouraging segregation. 


The location of the materials found in the tremie concrete can be ex- 
plained by segregation of the mix during placement. The pour began in 
the northeast corner of the cofferdam and generally progressed towards 
the south face. If segregation was occurring, material could be expect- 
ed to be carried in water suspension just ahead of the concrete mater- 
ials previously deposited. The largest particles (coarse aggregate) 
settled out soon after they were in suspension, followed by finer 
material (fine aggregate). The finest material (cement paste) settled 
out last. As the pour continued, the finest material was pushed ahead 
until the south cofferdam face prevented any further horizontal movement. 
Subsequent concrete placement trapped this material. Similar pockets 

of fine and coarse aggregate are found in other sections of the tremie. 
Where the mix is not completely segregated, the concrete has a cement 
paste deficiency and that paste is weakened by the disturbances that 
occurred during placement. 


The extensive mix segregation definitely could have been avoided. The 
method of placement chosen assumed mix flow characteristics that approach 
or exceed the optimum flow characteristics that can be expected from con- 
crete under extraordinary conditions. Achieving such optimum flow re- 
quires a special mix with unusually high flow properties. 


The Department's Class G mix is the mix routinely specified for under- 
water placements. This mix has repeatedly demonstrated its ability to 
be satisfactorily placed underwater, having been used on numerous pro- 
jects throughout the State without serious difficulty. As for any con- 
crete mix, proper consideration of flow characteristics is essential 
for successful placement underwater by tremie. The Contractor did not 
exercise such proper consideration here and attempted a.placement re- 
quiring flow characteristics greatly exceeding mix limitations. 
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The method of placement also must conform to commonly accepted con- 
struction practices to maximize the likelihood of success. These 
practices are found in detail in numerous literature dealing with con- 
crete construction. The section of the Standard Specifications rele- 
vent to underwater concrete placements (Section 555 - 3.05, Depositing 
Structural Concrete Under Water) refers to these requirements. 


The placement procedure used for this project apparently violated speci- 
fication requirements. The most serious violations were that the con- 
crete was not deposited in horizontal layers and that the discharge end 
of the tremie tube was not sealed in previously placed concrete at all 
times. The method of placement was also not in conformance with common- 
ly accepted construction practices, as the lack of additional tremie 
tubes and the inadequate concrete delivery system demonstrate. 


CONCLUSIONS 


Examination of tremie material samples, data from tests performed on 
these samples and consideration of the model of the tremie's internal 
structure leads to the conclusions enumerated in this section. 


A. Concrete supplied to the project. 


1. The concrete supplied to the project for the east pier 
tremie was produced at a Department approved and inspected 
plant. 


2. The concrete incorporated portland cement, fine and coarse 
aggregates and admixtures which were all approved by the 
Department. 


3. The concrete was produced according to a Department approved 
mix design. 


4. The concrete incorporated into the tremie met the specifi- 
cation requirements for plastic concrete. 


5. The project cylinder testing demonstrated the capability 
of the concrete to meet specification requirements for 
strength and soundness. 


6. The concrete was capable of achieving satisfactory strength 
and soundness when placed by tremie methods, providing pro- 
per placement procedures were employed, as has been demon- 
strated on numerous Department projects. 
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Composition of the tremie. 


Ne 


All material in the tremie originated in the concrete de- 
posited into the cofferdam. 


There is no evidence of silt or any other foreign debris 
present in the tremie. 


A substantial volume of the tremie (approximately 55%) 
consists of apparently sound concrete. 


There is extensive segregation of the concrete mix through- 
out the tremie block. 


The segregated materials appear in the following forms: 
concrete with a deficient mortar paste; loose coarse 
aggregate; loose fine aggregate; and a fine cementitious 
material. 


There are no extensive voids present in the tremie. 
Smal] voids do exist, but collectively they appear to 
occupy only a small portion of the total volume. 


Although segregated material is encountered throughout 
the tremie, individual segregated components tend to 

be concentrated in specific sections. The fine cementi- 
tious material is limited primarily to the south half of 
the tremie. Loose fine aggregate is found primarily in 
the center and towards the south end, and loose coarse 
aggregate is primarily in the north half of the tremie. 


Properties of tremie constituents. 


1 


The sound concrete has the density, durability and 
strength that can be expected from concrete containing 
acceptable quality materials, properly mixed and placed. 


The concrete with deficient mortar paste lacks the sound- 
ness and strength characteristic of the quality concrete 
that can be obtained with this mix. This concrete has 
less paste and fines than sound concrete. The paste that 
is in this concrete exhibits cracking and other distress 
which can affect concrete durability. 


The loose coarse aggregate is characteristic of the coarse 
aggregate used in the mix. 



























ae Lal adatarues Re al esanteto ce 9 
PN Mt | | Khe atreen 
| 2hideb sets an efit vm ‘0 # he. to lea ek sant ory 

| ohne Tt 803, ni yeu 9G wie | 

: ; ey, Loa 

22 ylai Laced ota 13 one 0 ‘gatty tow fels naredue gg 40 
 syeroned bined, ‘eiSamngnie No sasatenOD: ee 


sano? atm sdeyangs ont bi noftsperpee 2 oviaiadne ia? pret foe 
‘ ; nore si) Ne: wh 3 


- , gen? ontwellot eat nts iauqqe: 2 eter ston barnpews2 ot? 8 

-so9 aaoot padesq eet SneTStts) SARI ReMNONOD |e 

comay ant? 6 bis ystegeges ear? eepot Fes fi | 
| | Site 


; " t ab Jaorave ehiov syrareyrS. OF. shu gn ...e 
sous vet? vlavivosT loo Tee ,teheea ab nb ia 
tmatov Iavot fd to nolyaag: Lyame + oe YqUIPO 
sdpyowds bessteucans 2) fatregem te Spe" pee: dwads TA, Rm, hi 
i) bret atnacogmos bodeperty oe TRutielant , ones baie) rai .- 
! , y snr or soottoe2 I ieee FF versie: nos od eee i 


ri el Mduor ont af vi temervd bataarl a¢ feriegeh eooty. a 
nt vy Pvaminwo boop) af emepeitnae shit sees aimed ony . 
bo s200T big pie A on ott RbvAvO? has “ete ond | 

ait ta Ved ateon ent wi Tinga * GF4 amQereee ’ 


ee | ij eins treNeg, Hmane te sahassco8 We 


) bes re) Virco i tana aris: on) i yronea ate: eit 2 
162 nGD BISTINON COE: batasund, OF. cap ten bk phe ~~ 
iq be Wiehe \ A vegenng Pla hiongn tap SeeeRy? n a 


“Bruce ant Baet e280 sven. Per oreera ve ateri09 on ae 
atari toy » feu ae Fa) the 

Do OR Oe AG, ae oh ape Reese ae 
ES TE Rae Ot ee 4 od? .etenoiod hewoe Te ofignnt 
eet) verte: Doe geet: attat 
ey Are ba a AN © 


A 
Him ra nn, 


id i 
a ey aa 
‘ 


ne ait 
ay 











~14. 


The loose fine aggregate is characteristic of the fine 
aggregate used in the mix. The small amount of cement 
that is mixed in with this material is insufficient to 
create a cementitious mass. 


The fine cementitious material consists of a mixture 
of partially hydrated portland cement and other fines. 
This material is only approximately half as dense as 
sound concrete and lacks the strength, soundness and 
durability of sound concrete. 


The extensive segregation of the concrete mix during 
placement and the relatively low unit weights of the 
segregated materials as placed caused a much smaller 
mass of concrete than anticipated to be capable of 
filling the total volume of the tremie. If the concrete 
had not segregated during placement, an additional, 
approximate 300 cubic yards of concrete would be needed 
to completely fill the total volume. 


D. Causes of concrete segregation. 


i; 


The method of concrete placement chosen by the Contractor 
is the decisive factor that caused the extensive mix se- 
gregation. Concrete was placed with only one tremie tube 
for the entire cofferdam area. This method of placement 
depends on extraordinary mix flow characteristics to be 
successful. The Contractor assumed underwater flow char- 
acteristics that are unreasonable to expect from the De- 
partment's specified mix. 


The method of placement chosen for this mix was unsuccess- 
ful because it resulted in a steeply inclined unrestrained 
face of placed concrete. Newly placed concrete flowed down 
this face, causing suspension of material in water and, 
upon settlement, material segregation. As the pour pro- 
gressed, the volume of these segregated materials increased. 


The frequent breaking and reestablishment of the tremie 
seal was a contributing factor that helped cause the ex- 
tensive mix segregation. This frequent breaking of the 
seal and the cumbersome, time consuming efforts required 
to reestablish the seal were made inevitable by the Con- 
tractor's chosen method of placement and the equipment 

he elected to use for the placement. This frequent break- 
ing of the seal is in violation of the specifications. 
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4. The method of placement chosen by the Contractor is incon- 
sistent with recommended construction practices for tre- 
mie placements as defined by commonly recognized refer- 
ences. 


VII. RECOMMENDATION 


The recommendation of the Technical Services Subdivision is consistent 
with the preliminary recommendation of October 3, 1979. The tremie, 
with its extensive material segregation and unfavorable evaluation as 
a structural load bearing member, cannot be relied upon for support of 
the structure. 


As a consequence of this recommendation, remedial actions were taken 
to correct the tremie footing deficiencies. Information regarding the 
design and progression of the repairs can be obtained from the appro- 
priate Departmental sources. 
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[APPENDIX Al 


October 3, 1979 


D96103; PIN 1700.18.325 
TROY-GREEM ISLAND BRIDGE 


SIGNED BY 
EAST PIER TREMIE POUR Seek 


Wa. P. Hofmann, ech. Serv, Subdiv., Rm. 219, Bldg. 74 


E. V. Hourigan, Scructures Subdiv., 6th Flr., Bidg. 5 


x. Sternbach, Conatruction Subdiv., Ru. 423, Bids. 5 


C. E. Carleon, Regioual Director, Region 1 

L. H. Moore, Soil Mechanics Bur., Km. 102, Bldg. 7 
J. J. Murshy, Haterials Bureau, Rm. 210, Bldg. 7A 
L. WU, liallenseck, Lule Engineer, au. 401, Bldg. 5 


Here is &@ preliminary report of the work comlucted to date by this 
Subdivision t0 determine the coaditioa ef the tremie concrete in the 
east pier cf this project. 


The Haterials Bureau inspected and tested eleven cores drilled rgres 
the trenie block sy the Centractor. These cores show that the trente 
block contains #9 extensive amount of sound conerete, Gut also thar 
tere @re sizniticaat pockets of concrete with weakened gortar, loase 
cOarse acgresate and unidentified fine material. Further, unrecevered 
portions of tne cores indicate the postibzie presence of pockets or 
loose fine agsregate, woid pockets, or a combination g¢ the two. 


Tie Materials Gureau performed a awaber of preliuinary teets soa 
selected core specimens, The tests include unit weisht deterulaation, 
compressive strengths and grain size analysis and chemical analysiea 
of the unidentigied fine saterial., Examination and testing Gt the 
project concrete cylinders was alzo periermed oy Che Materials Bureau, 


The tests indicate that the sound concrete encountered in the treaie 
block is of good quality (unit weight 145 pcr and compressive strensth 
&@pprezieately $200 psi). The tests aieo indicate that the fine 
material has a density considerably below (approximately 63 pcf) the 
density ox sound concrete, hag a low coopressive streasth, (approexi- 
mately 100 psi) and will readily deteriorate if exposed to scouring 
action. There is a2 good posgibility cnat this fine saterial, wuich 
@ccupies & considerable voluse towards the south end of the pier, is 
& mixture of partially aydrated portland cement and ather fines. 


These observations and testa all indicare that there is extensive 
material sezresation in the tremie bleck and that avec oF the 
6egregated material is of highly questionable load wearing capacity. 
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Preliminary Recommendations 


ne unfavorable evaluation oi the tremie block material as a 
structural load bearing member together with evidence of extensive 
material segregation and possible voids leads to a recommendation 
chat the tremie not be relied upon for support of the structure. 


The Soil Mechanics Bureau recommends that a caisson desig be 
progressed for the east pier. This design can be similar to that 
used at the west pier except that smaller diameter caissons, if 
used, will require deeper sockets, 


Rock anchors designed to pretest the load carrying capability of the 
tremie block are not recommended because of the block's deficient 
condition, In addition, the anchors' cost would probably equal or 
exceed a caisson design even if the tremie block was considered 
structurally adequate, 


Representativescof the Soil Mechanics Bureau will, as usual, work with 
the Structures Subdivision on this design concept or any others that 
have merit. 


This concludes our preliminary report. Work necessary for the prepara- 
tion of the final report is currently under way. We will transmit our 
final report on the structure to your office when we have completed 
that work, 
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APPENDIX B 
PROJECT CONCRETE DATA 


GENERAL INFORMATION: 





Date of Pour: 8/27-8/28/79 

Class: G, Item 555.06 

Plant: Clemente - Latham, Troy, N.Y. 

Concrete System: Central Mix 

| Cement: Independent - Kingston, Type II 

| Fine Aggregate: Valente Gravel, Inc., Troy, N.Y. Source 1-63F 

Coarse Aggregate: Fitzgerald Bros. Const. Co., Troy, N.Y. Source 1-7R 
Air Agent: MBVR 

Retarder: Plastiment 


MIX DESIGN DATA 


as LENO IE Eyepiece PE BES REE Ra BH a Pan see HOOT sa GEAR T M ER ks ee Sart ont Ee eee ELE ITI SOIT TN, FOLENS BMS ORS ee 
ho eae > PLANT ‘LOCALION FM <= S6Pr 2S BCA Pc 7 "Pee PCa et 
ee BCE EMENTE-LATHAM S220 9.25 2. 69 SO 850 i ree 





8  BATEH: QUENTITIES. leone 
OR hae ee PE ae et spony SR OUREC YARDS ear cna 


ei 
me) 


ee PEMENT «LBS 

|S Saaitetio. 2 ee WATER. th BS . Ae 
Oe eae es SAND KL BSS Mae i 
ee Po Pee ST CA CE BS : 

Hi eo ese CH (LBS? 

Oe ee ae eS CA SL BSD ee | 

tee 8 ee a A RATIO | | 0,45 
ee eS — ORIR CONTENT ¢x) | 5 
et ee eee UMP CE NS  e : 7. 0-8, 
a ee re INTE WELGHT (PCF oe 142.993 


ClO be iT 
1 fot ‘ 


1T. 
oS OO oo ee Oo oF 





M0 NOTES 2" : 

00 13 ALL AGGREGATE I= ASSUMED TO BE IN A SED CONDITION. ADILET BATCHING 
OH - WETGHT= TO MAINTAIN CORRECT PROPOPTIOMS A= FREE MOISTURE VARIES. 
00 -*uEE TRELE BELO FOR SAND AMT CORPSE ievaicciada ADDED WATER =HOULD 
‘np oe BE ADJUSTED TECCONPENS ATE FEF FREE MOESTHRE. 

oe Se gale SCALE WEIGHTS AS RPEGUIRFED BY BATCHING EDUIPMENT. 








Oe RTT Me: onea ie Pg Sc AI RMN Resa RE UIA YSERA AN See INN RO A RCS ORRAE S  h S E RS el St SHAE IER ell dl SN BORA ALLAAH SUL phon SUAS og SUE SY ak REE Sie Sis tase as eal RSS 











rt tra k. 
co a 


be ht 
ata Tas a 















f : ‘ a 7 
ae wae et sai fy 
\. 1 \ , wi) ¥p iv 
“/ f iw ‘ 1 
F it! ml ment it tan og 
i ‘ ¥ “4 ? ATT ; 
| iV , 3 _? Hon” 


ah * vont. ners). “ “930 
ei 

, 1} er nosegned - tmabnay aba’ 

ca-f soe .¥,H aNOnt @soti: , Lover sinei sv. ss 
exyudd 4Y¥.4 vost «. to Jeno} 8048 bianags' 7 ist 


—4 


nl 
; 


yates x4 


' phe ache ty there yen 00% snags he ginte ; 
Te . er "i 4 “J y 1"? y rt a) ti wk t r ae ae sa : 
se ri 5 i ; ' fy it h ky fn “STN 


~~) 


} ry a 
\ ait anit er ‘ 
ra Vie <—y 
‘ 
™ fe oe ae r A ¥ a 
« . . ‘ yd a4 
itera ! j é ~ 


, ; ee, roe” ial 
a Fe | aera bef 
62aJ) 9S bigitl 


3 i; i ; ; oes fein ya ra a ph aN Br) 3 i 
; | ; 30 Naa hadi 1. gah | 5 : 
pe 1 4 “8 * Fos 14 es me yi Ji tre. 7 _* ts _ a" 
















ret ( i Mi yus aiid Ps a RE 
phat eum ie Sr My ae Wik, ei 
: “ee qf iay ‘aN whe ae . 
- er .Seh? . 
i} A 
; “ 
2 oF y een 
: a { 
j re M4 


; pe ee NTH IT Aa jibe Phi ae HO Cv 
ast wea UTEID M 45%: is) ovat Ty 


‘ NAY agTRd Og ION iene Samm: 
ey) ‘ AB iy ae a Oe , Padi, ia 1 

i ; eT, } ; | ‘ i ange y } ie are is ' '‘ ii. 
fat key ae a0 oe ula Mh iilad ia di ne i 
i si) | ri , ; Ne iP j 3 7 ‘ ae if | ’ a ‘ : , , bin te 

ia ae , 7 rer he Whe a ai 

¢ ! gael, lta / Si dad ‘aby Dol Pia i a abit 





Lincs 
7 ] 


APPENDIX C 
PROJECT CONCRETE TEST DATA 
TEST REFERENCES: 


Compression: 79 SK 2288-2297, 9/24-9/25/79 
Unit Weight: 79 SD 428-447, 9/20/79 


28 Day 
CYLINDER DATE/TIME CAST SLUMP(in)  AIR(%) UNIT WEIGHT COMPRESSIVE 
(Tis sCict ts) STRENGTH 

PSI 
20 C 8/27-1120 HAS 4.5 147.34 4520 
20D 146.22 4510 
21C 8/27-1530 “.0 ooo 144.39 4410 
21D 145.00 4310 
2cG 8/27-1800 70 eae 146.37 4200 
22D 144.69 4410 
23C 8/27-2215 ihe 6.0 143.82 4790 
23D . 144.28 4720 
24C 8/28-0230 8.0 4.6 145.00 4440 
24D 145.20 4640 
25C 8/28-0615 ee 6.2 143.72 3980 
25D 142.30 4220 
26C 8/28-1018 P90 3.8 146.88 4120 
26D 147.75 4250 
eiC 8/28-1330 8. ar, 146.12 4070 
27D 145.76 4080 
28C 8/28-1915 8.0 4.3 147.80 4520 
28D 147.95 4500 
28K 8/28-1430 7.0 3.2 147.75 4620 
28L 147.95 4200 


Average 7S 4.6 145.81 4375 
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APPENDIX D 
TROY - GREEN ISLAND BRIDGE 


EAST PIER TREMIE 
TEST CORE LECATIONS 


DISTANCE FROM NORTH FACE 


DISTANCE FROM SOUTH FACE 
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APPENDIX E 


TROY - GREEN ISLAND BRIOGE — EAST PIER TREMIE CONCRETE — CORES TCE-1 THRU TcE-1i 
CORES ORILLED BY EMPIRE SOILS INVESTIGATIONS INC. 
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APPENDIX F 


c TRON ~ GREEN ISLAND BRIDGE — EAST PIER TREMIE CONCRETE — CORES DH-A;, THRU DH-R 
| CORES DRILLED BY NYSDOT SOILS PERSONNEL 
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APPENDIX G 
CORE PHOTOGRAPHS 
CORES DRILLED BY 
EMPIRE SOILS INVESTIGATIONS, INC. 
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APPENDIX I 
FINE CEMENTITIOUS MATERIAL 
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STRENGTH = 99 psi 








My 


Roe 
out i" be + 






‘ 





ie vet ‘ 
Ks Sa 


ve Pm 
pee eae 4) 


APPENDIX J 
PETROGRAPHIC SPECIMENS 
(Magnification both photographs x 1.0) 





SOUND CONCRETE 





CONCRETE WITH DEFICIENT MORTAR 


(note the considerably less cement paste and the 
presence of cracking distress) 
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October 18, 1979 


PIN 1700.18.325; 196103 

GREEH ISLAND BRIDGE, EAST PIER 

RESULTS OF BOREHOLE T.V. SURVEY 
‘ORIGINAL SIGNED BT 

L. H. Moore, Soil Mechanies Bureau, Mm. 102, Bldg. 7 pranann © BUTLER 

By: B. E. Butler 

E. ¥. Hourigan, Struct. Des. & Constr. Subdiv., 6th Flr., Bldg. 5 


C. E. Carlson, Regional Director, Hegion 1 ae 
J. kurphy, Lat.riala Bureau, Pm. 210, Bldg. 7A 
J. Sternbach, Constr. Subdiv., Rm. 424, Bldg. 5 


Attached is correspondence from ir. F. RB. Irving, Associate Encineering 
Ceolozist of this Bureau. This corresrondence contains a pair ef photo- 
graths with overlays which illustrate the results of cur borehole television 
survey. This inspection reinforces our opinion that large voids do not exist 
in the trenis seal. 


Please contact us if you have sny questions. 
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3. S. sutier, Asseeigte Solls inzineer 


ertil holes [= and CoP on the subject croject were inspected with the 
Hureau's Serehole 7.7. camera. The vurrese of ee ne T.Y. Lnsreection was 
te yy tre treason for the cere loss in the fremie concrete. The 
insvection did uct reveal any larce voids tnx did show broken up sections 
ecrtainine amall yelds. 


Hole LEF nenetrated 7.3 feet of cenerete: 3.5 Peet af concrete with some 
ecaotcrted seang cf cement paste; 3.3 feet cof cement raste; and ¢.9 feet 
(3.3 recovered in core) of troksen cleces of cement paste over shrle 
bedreek. The top 6.2 faet of the shele vas badly broker. nele LiF was 
washed cut with a hose in an attempt tc isrrove T.¥. oicture qalitr. 
unen the cmmera vas reinsertec in the hele it 2ceuld not be lowered beyond 
the toint near the tor of poek where emmiks of cerent naste were noted on 
whe initial survey cf ai hele. The flowiar water from the hese had 


either ereded out encuch of tie scit meterial to fill the driii role to 

treat toint, or had diazlaced some pieces and bleeked the ele. 

isis Clb ranetrated £.3 feet of ecomomete: 1.4 Feet of cement taste containing 
fine aggregate «ttn a fow wintoabe of ecarse acftreate near toa bottom, tse 
whole shewire scentorted beddirt: 3.5 Yeet of cemert caste with re} latively 


nomicontal bedding and 13 fast of broken tiecss cf cement vaste (Fiz. 1 


4z attomet vas sade te flush out Hele TEA-1, however the hose could not te 
tusheé Test an obstrnetion at alevation priest 1é+, No attempts vere made 
to survey other holes becansa cf mexy difficulties, ineluding the 
iuterferenee with the orotnr drtliine pear pa , she trotiem of hs mir 


tne holes wit ne eollarsinge the sideralils and the Likelihood of th 
eamern teins tramred in the hele by nieces of unesrented coarse eR cs ate. 
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APPENDIX L 
CORE TEST RESULTS 
COMPRESSIVE STRENGTH 
TEST REFERENCES: 79 SD 448-449, 9/20/79 


79 SD 480-487, 10/17/79 
89 SD 144-156, 3/10/80 


DATE (AGE) CORE DESCRIPTION : COMPRESSIVE 
STRENGTH 

(PST) 

9/20(23 days) TCE-4 Sound Concrete 5,280 
TCE-6 Sound Concrete 53220 

TCE-3 Fine Cementitious Material 99 

10/17(50 days) TCE-3 Fine Cementitious Material 800 
TCE-4 Fine Cementitious Material 610 

TCE-5 Sound Concrete 7,390 

TCE-7 Sound Concrete 5,2/0 

TCE-8 Sound Concrete 6,180 

TCE-9 Sound Concrete 7,390 

TCE-11 Sound Concrete 5,700 

3/10(6 1/2 months) DH-A1 Sound Concrete 4,950 
DH-A1 Sound Concrete 4,100 

DH-C Sound Concrete 4,610 

DH-L1 Sound Concrete 5,290 

DH-P Sound Concrete 4,710 

DH-F Concrete With Deficient Mortar 1,980 

DH-L Concrete With Deficient Mortar 1,160 

DH-P Concrete With Deficient Mortar 1,060 

DH-B Fine Cementitious Material 570 

DH-E Fine Cementitious Material 860 

DH-E Fine Cementitious Material 300 


AVERAGE COMPRESSIVE STRENGTHS: 


Sound Concrete = 5508 psi 
Concrete with Deficient Mortar= 1400 psi 
Fine Cementitious Material = 292 psi 


NOTE: Due to time limitations at the time of testing, the standard 40 hour 
presoak was omitted for all specimens tested on 9/20/79 and 10/17/79. 
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APPENDIX M 
CORE TEST RESULTS 
UNIT WEIGHT 


TEST REFERENCES: 79 SD 480-487, 10/17/79 
80 SD 144-156, 2/15/80 


DATE CORE DESCRIPTION ; UNIT WEIGHT 
(Ibs/cu. ft.) 
10/17/79 TCE-2 Fine Cementitious Material 70.11 
TCE-4 Fine Cementitious Material 69.57 
TCE-5 Sound Concrete 145.60 
TCE-7 Sound Concrete 139.89 
TCE-8 Sound Concrete 145.05 
TCE-9 Sound Concrete 144.12 
TCE-10 Sound Concrete 142.01 
TCE-11 Sound Concrete 142.55 
TCE-3 Fine Cementitious Material 74.93 
2/15/80 DH-Al Sound Concrete 141.88 
DH-Al Sound Concrete 139.40 
DH-C Sound Concrete 138.70 
DH-L1 Sound Concrete 140.52 
DH-P Sound Concrete 143.27 
DH-F Concrete With Deficient Mortar 113.61 
DH-L Concrete With Deficient Mortar 139.31 
DH-P Concrete With Deficient Mortar T3ye3/, 
DH-B Fine Cementitious Material 53.48 
DH-B Fine Cementitious Material 49.13 
DH-C Fine Cementitious Material 65.49 
DH-E Fine Cementitious Material 72.55 
DH-E Fine Cementitious Material 50.43 


AVERAGE UNIT WEIGHTS: 


Sound Concrete = 142.09 pcf 
Concrete with Deficient Mortar= 130.10 pcf 
Fine Cementitious Material = 63.21 pcf 
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APPENDIX N 
CORE TEST RESULTS 
AIR CONTENT 
TEST REFERENCE: 80 SPC 80-86, 3/10/80 


METHOD: HIGH PRESSURE AIR METER 


CORE DESCRIPTION AIR CONTENT(%) 
DH-C SOUND CONCRETE ent 
DH-L1 £ . 3.7 
DH-P _ + 4.1 
DH-L CONCRETE WITH DEFICIENT MORTAR ZO 
DH-M it u it iT] Z F 5 
DH-B FINE CEMENTITIOUS MATERIAL 62.0 
DH at " ul it] 61 ‘ 2 


NOTE: The high pressure air meter measures the total air content, 
which is the sum of entrained and entrapped air. Typically, 
the entrained air content of concrete can be expected to be 
from 1 to 2% less than the total air content. 


METHOD: MODIFIED GRID-COUNT METHOD 


CORE DESCRIPTION AIR CONTENT(%) 
DH-C SOUND CONCRETE 2 
DH-M CONCRETE WITH DEFICIENT MORTAR 1 


NOTE: The modified grid count method is a visual estimate of the 
entrained air content of concrete, expressed to the nearest 
1%. 
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APPENDIX Q 
CORE TEST RESULTS 
GRAIN SIZE ANALYSIS 


TEST REFERENCE: 79 AU 160, 9/20/79 


A sample of fine, cementitious material from core TCE-3 was hand 
pulverized and run through a nest of fine sieves. The resulting 
gradation is: 


SLEVETOLZe *% PASSING 
#200 43.6 
#230 43.1 
#270 42.6 
#325 42.1 
#400 42.1 


The material retained on the #200 sieve was examined. This material 
is primarily composed of smaller particles cemented together. 
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TEST REFERENCES: 


NYSDOT CORE TCE-3 
uy Peso 9/28/79 

Spec Sample 1 Sample 2 
LOSS ON IGNITION(%) SEO PRE hee) er 22.09 
SILICA (Si02) (%) 24 COLMIN eee oc 23.97 
LIME (CaO )(%) 65.0 max. 44.99 45.74 
ALUMINA(A1 203) (2) 6.0 max. 3250 3.60 
IRON OnTDECFE20) (3) Be0520 2.80 2.88 
MAGNESIA(MqO) (%) 5.0 max. 2.45 2420 
SULPHUR NN oe 3.0 max. 0.95 0.93 
INSOLUBLE RESIDUE(%) 0.50 max 6.93 6.91 


APPENDIX P 
CORE TEST RESULTS 


CHEMICAL ANALYSIS OF 
FINE, CEMENTITIOUS MATERIAL 


TO LU2S27), 9428/79 
80 LU 367, 2/28/20 


HOLE C-19 
2/28/80 
Sample 1 Sample 2 
20.59 20.45 


23.48 25.61 
45.01 44.97 


S23U 2.66 
2.88 S200 
(aye, Zale 
0.84 0.82 
pete) 6.42 
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TROY ~ GREEN ISLAND BRIDGE — EAST PIER TREMIE CONCRETE — CORES DH-A, THRU DH-R 
CORES DRILLED BY NYSDOT SOILS PERSONNEL 
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TROY - GREEN ISLAND BRIDGE — MODEL OF EAST PIER TREMIE 
LONGITUDINAL SECTION 6’ FROM EAST FACE OF PIER 
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APPENDIX Q 


GREEN ISLAND BRIDGE — MODEL OF EAST PIER TREMIE 


LONGITOOINAL SECTION THROUGH 
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APPENDIX S 
EAST PIER TREMIE MODEL 
AVERAGE UNIT WEIGHT OF TREMIE SECTIONS 
EQUIVALENT HEIGHT OF SOUND CONCRETE FOR SECTIONS 


AVG. HEIGHT EQUIVALENT AVERAGE 
OF MATERIAL HEIGHT OF UNIT WEIGHT 
IN MODEL SOUND CONCRETE OF MODEL 
SEGMENT LENGTH(FT) SEGMENT (ft) IN SEGMENT(ft) SEGMENT ( pcf ) 
A 6 13:8 10.5 108.3 
B 6 14.1 Lise 112.8 
C 17 re6 10.4 ito 
D 26 Nae a 1032 120.1 
E Vara GIGS) 11.4 AB aS 
F 675 14.0 Lie) 116.5 
G 1625 US eae) 12.0 a22.0 
H 18 14.1 L239 130.4 
I 12 14.3 152g 138 .6 
TOTAL 122.9 13.4 bie LZae 


NOTES: 1) The estimates of average unit weights are based on the following 
unit weights for different tremie components: 


sound concrete = 142 pcf 
concrete with deficient mortar = 137 pcf 
loose coarse aggregate = 105 pcf 

loose fine aggregate = 90 pcf 

fine cementitious material = 65 pcf 


2) For volume computations, sound concrete and concrete with deficient 
mortar are considered together. It is assumed that 85% of this 
combined volume is sound concrete. 


3) Segment A is the segment closest to the south face of the tremie. 
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